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Interest in determining experimentally the effects of different . 
planting distances on the yield of potatoes goes back many years. It is J 
a matter of historical record that some of the first field experiments 
reported by experiment stations in this country dealt with this problem 
(2,5). The effects of different rates of fertilizer on potato yields like- 
wise is a time-honored study. However, the combination of three 
factors—row spacing, seed spacing, and fertilizer rate—in one experi- 


1Conducted under cooperative agreement between the Virginia Truck Ex- Pe 
periment Station. V. A. Tiedjens, Director; and the Division of Fruit and Vege- : 
table Crops and Diseases, U. S. Department of Agriculture. Acknowledgment is 
made to H. M. Clark, Superintendent, Eastern Shore Branch Truck Experiment 
Station (Virginia) for helpful assistance. The work was inaugurated with the : 
help of the late Dr. H. H. Zimmerley whose genuine interest and sound judgment a 
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2Biochemist. 
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ment so that the individual effects of each might be determined con- 
comitantly with their interactions is at least a new approach to an old 
problem and offers possibilities for evaluation peculiar to the factorial 
type of experimental design. 

Stated briefly, the objectives of the experimental work here re- 
ported were to determine the effects of different seed and row spacings 
on yield and to measure concomitantly the extent to which seed spacing 
and row spacing might jointly affect yield production, and to determine 
also the effects of different amounts of fertilizer on yield, particularly in 
relation to the different planting distances. Since the three principal 
factors under study involved the use of different quantities of seed and 
fertilizer per acre, it seemed especially desirable to estimate the economy 
of the different planting procedures so that they might be compared on 
the basis of net returns “beyond” the cost of treatment. 

After the first year’s crop had been harvested a decision was made 
to measure also the experimental effects of the different variables on 
the average size of prime potatoes produced. 


EXPERIMENTAL PROCEDURE 


The experiments were located on Sassafras sandy loam soil in the 
vicinity of Onley, Virginia. Although all the experimental fields were 
regarded as satisfactory for growing potatoes, the production capacity 
of the field used in 1943 was considered relatively low. The reaction 
of these soils at planting time ranged from pH 4.6 to 5.2. Each year 
the fields were planted about the 15th of March, using an assisted-feed 
potato planter equipped with band-placement fertilizer attachments. 
The fertilizer distribution mechanism on the planter was carefully 
calibrated each time before planting commenced in order to assure 
delivery of the fertilizer at the proper rates; and at the same time the 
seed-spacing adjustments were also checked. Certified Irish Cobbler 
seed was used and commercial 5-10-5 fertilizer, 95 per cent neutralized, 
containing 255 pounds of dolomitic limestone per ton. 

The experimental field plan in 1943 consisted of what is gen- 
erally called a split-plot arrangement. In this first field plan the row 
spacings, 30 and 36 inches, occupied the main plots and randomly 
arranged on these were three seed spacings, 10, 15, and 20 inches, and 
three fertilizer rates, 1,500, 2,000, and 2,500 pounds per acre. However, 
in 1944 the field plan was changed to a so-called double split-plot ar- 
rangement which was used also in 1946. The treatments remained the 
same in this plan except that the widest hill-spacing distance was re- 
duced to 18 inches, and the fertilizer rates were laid out as main plots, 
the row spacings as sub-plots, and the seed spacings as ultimate plots. 
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In the analysis for the latter experimental design three error terms 
were calculated, one for testing each main effect and its interactions. 
When planted, the individual plots consisted of 3 or 5 rows 8o feet long, 
but at harvest in order to eliminate differential spacing effects, the 2 
outside rows were discarded. Four replications of each treatment were 
provided and these, arranged in randomized-block fashion, comprised 
a total of 72 plots for the entire experiment. In 1945 due to extremely 
abnormal weather conditions occurring shortly after planting, the 
growth of the crop was so irregular that the entire experiment had to 
be discarded, and consequently there are no records for that year. 


RESULTS 
Effects on Yield and Net Returns 


The yields obtained for the 3 experimental years in bushels of 
primes graded for size only are shown in table 1. In addition, the net 
returns “beyond” the estimated cost of seed or fertilizer* for the stated 
experimental variables are also given. It will be noted in table 1 that 
the differences in yield obtained from the two row spacings produced 
significant variance only in 1946. In that year the rows spaced 36 
inches produced an average increase of 41.1 bushels of primes over 
the 30-inch rows, exceeding the least significant difference for the 
I-inch per cent point. This outstanding difference in yield in 1946 
may be partly attributed to the early maturity of the vines on the 30-inch 
row plots, which in every case matured a week to 10 days earlier than 
those on the 36-inch row plots, thus affording a relatively longer growing 
period for the plants on the wider-spaced rows. This difference in time 
of maturity was not observed in 1943 or 1944. 

The different seed-spacing distances, on the other hand, had suffi- 
cient effect on yields, as is shown in table 1, to produce significant vari- 
ance each year, but the levels of significance attained in 1943 were 
higher than in 1946. When a comparison of the variance produced by 
each of the three factors under study was made, it was evident that seed 
spacing had a relatively more pronounced effect on yield than had row 
spacing or fertilizer rate. In general, the yields were increased when 
the seed was spaced closer, but these increases were not always signifi- 
cant, nor were they always economical from the standpoint of the addi- 
tional seed required, as will be brought out later. 

One exception to the general tendency toward increased yields 
with closer seed spacing occurred in 1946 when the 10-inch spacing 


4From these net returns beyond the cost of seed or fertilizer obviously must 
be deducted all other production costs to arrive at the real net gains, but we are 
not specifically concerned with these here. 
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produced a lower average yield than either of the two wider seed 
spacings as shown in table 1. The yields produced by the 15-inch- 
spaced seed, however, were greater each year than those from the wider 
seed spacings, and in 2 out of 3 years (1943, 1946) the net returns were 
also greater. Further decreasing the seed spacing distance from 15 
to 10 inches, in the two years mentioned, reduced the net returns ob- 
tained. Although 10-inch-spaced seed gave an increased yield of 12.4 
bushels over 15-inch spacing in 1943, exceeding the 5-per cent point, 
the estimated net returns were reduced $4.92, at the price differentials 
stipulated. These comparisons are of interest because they illustrate 
the need for considering cost relationships in evaluating the differences 
in yields obtained where a cost differential is involved. 


The three fertilizer rates produced significant yield variance only 
in 1943. In that year, which was dry, the average yield obtained from 
the 2,500-pound rate was significantly lower than that from either 
1,500 or 2,000 pounds, and as a result the net returns were also sharply 
reduced. In 1944, also a dry year, the 2,500-pound rate, although 
showing a slight increase in yield as compared with 2,000 pounds, 
nevertheless produced about the same net returns as those from 1,500 
pounds. In 1946 the 2,500-pound rate again produced a lower average 
yield and smaller net returns than the 2,000-pound rate. These latter 
comparisons, although interesting, are open to question statistically, 
since the variance for fertilizer rates was not significant in 1944 or in 
1946. 

A comparison of the results from the 30- and 36-inch row spacings 
(table 1) shows that in 1944 and 1946 the 36-inch spacing gave higher 
yields and larger net returns than the 30-inch spacing, even though 
the growing conditions differed during the two seasons and noticeably 
affected the absolute yields obtained. In 1946, the difference in favor 
of the wider row spacing amounted to 41.1 bushels and $57.52 estimated 
net returns per acre. The same comparisons in 1944 show increases 
of 35.2 bushels and $50.44 per acre for the wider row spacing. In 
1943, however, the 30-inch spacing gave a slightly larger average yield 
(8.8 bushels) and an increase of $2.51 in net returns above that of the 
36-inch spacing. However, it should be pointed out that this appar- 
ent increase in net returns was offset to some extent by the reduction of 
16% per cent in the number of rows worked at the 36-inch spacing. 
Although the differences obtained between the two-row spacings in 
1943 and 1944 are of interest, no statistical significance is attached to 
them since the variance for row spacing in these years did not reach 
the 5 per cent point. 
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PROFITS FROM INVESTMENT 

From table 1 it will be noted that the maximum gross returns from 
seed use did not always indicate a proportionately large net return 
“beyond” the cost of seed. In 1943 net returns from the three seed 
spacings were not appreciably different although there was a maximum 
range of about 16 per cent in the gross returns from 10-inch- and 20- 
inch-spaced seed. These results bring out very clearly the fallacy of 
using gross returns alone as an indication of returns on investment for 
seed or fertilizer. 

Profit is a function of both efficiency and economy of production, 
and the only valid measure of profit is the net returns per acre “beyond” 
the cost of investment. To attempt to increase efficiency at the expense 
of net returns would soon make the enterprise unprofitable. Conversely, 
to attempt to increase yields at the expense of efficiency in the use of 
fertilizer or seed would ultimately reduce the rate of profit. Insofar as 
seed potato use and fertilizer rates are concerned the most profit will 
be realized from that combination which produces the largest net return 
“beyond” the cost of both seed and fertilizer. Although it is often 
tacitly assumed that high potato yields, indicating efficient production 
and economical land use, are the most profitable, yet a valid estimate 
of real net profit from such a venture cannot be obtained until the in- 
creased cost of seed, fertilizer, labor, and all other production costs 
required are charged against the selling price of the crop. Increases 
in yield caused by highly favorable weather conditions are, however, 
almost clear profit except for the additional handling costs; but yield 
increases obtained by using more seed or fertilizer if carried far enough 
will inevitably lead to a point in production where profits will be re- 
duced by the operation of the law of diminishing need (4) and its com- 
plement the law of diminishing returns. 

Although the net-return figures in table 1 are based on estimated 
costs of seed potatoes and fertilizer, as well as on an estimated price 
for No. 1 potatoes, small changes in thee- estimates will have little 
relative effect on the net-return values. It will also make little differ- 
ence under many conditions whether total yields or only yields of No. 1 
potatoes are used because the gross returns must then be adjusted for 
field-run price, which will be lower than that for No. 1 potatoes. 
In the present experiments the highest estimated returns “beyond” the 
cost of seed were obtained from the 15- and 18-inch spaced seed in rows 
36 inches apart. 

Assuming an estimated cost of fertilizer at $36.00 per ton and the 
selling price of potatoes at $1.20 per bushel, the largest net returns per 
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acre “beyond” the cost of fertilizer for the 3 years were obtained from 
the 2,000-pound rate. Increasing the rate to 2,500 pounds per acre 
reduced the estimated net returns obtained each year. The point at 
which the net returns per acre “beyond” the cost of fertilizer begin 
to diminish obviously will depend on several factors, among them the 
ability of the crop to utilize the additional fertilizer (law of diminishing 
need) ; the kind of land and the growing conditions; the cost of the 
fertilizer ; the selling price of potatoes; and above all the judgment and 
ability of the grower. For these reasons, and there may be others, the 
upper limits for profitable fertilizer use (maximum net returns from 
fertilizer) can vary from farm to farm and even from field to field. It is 
advisable, therefore, to determine these limits actually over a period of 
years on the land in question wherever possible. 


INTERACTIONS 


From the standpoint of yield, all the various interactions between 
the three factors studied failed to attain statistical significance, except 
that for seed spacing x row spacing in 1943 as shown in table 2. These 
data indicate that in 1943 the row spacings had very little effect on yield 
with seed spaced 10 or 15 inches apart, but that a highly significant re- 
duction in yield resulted when the row spacing was increased from 30 to 
36 inches with seed spaced 20 inches apart. The latter effect undoubt- 
edly accounts for a large part of the reduction in yield obtained for 20- 
inch seed spacing in 1943 as indicated in table 1. In general, the net 
returns “beyond” the cost of seed planted as shown in table 2 fol- 
lowed the same trends for row spacing and seed spacing that was ob- 
tained during the 3 years, except that the 20-inch spacing with 36-inch 
rows produced an unusually large reduction in net returns per acre, as 
might be expected from the corresponding reduction in yield. 


EcoNoMIES IN SEED USE 


Although the effects of seed spacing and fertilizer use on yield and 
net returns per acre “beyond” the cost of seed or fertilizer should be 
determined, if possible, under local growing conditions, there are, how- 
ever, certain fixed relationships between planting distances and efficient 
seed use that remain the same regardless of location. Although expendi- 
tures for seed constitute an important item in production costs, it is not 
always fully recognized that slight changes in planting distances that 
may appear insignificant can have marked influence on the amount of 
seed potatoes required per acre. It is true that the size of seed piece 
used will have a direct effect on the amount of seed required per acre, 
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but the effect of changes in the planting distances can be even greater. 
In the present experiments, for instance, widening the row spacing from 
30 to 36 inches reduced the seed requirements 1624 per cent. On the 
other hand, widening the seed spacing produced even greater economies 
in seed use—I0 inch to 15-inch, a 33% per cent reduction; 15-inch to 
18-inch, 1624 per cent; and 10-inch to 18-inch, approximately a 45 per 
cent reduction. However, by increasing both row spacing and seed 
spacing even greater effects on seed economy can be attained. For ex- 
ample, changing from 30-inch rows with seed spaced Io inches apart to 
36-inch rows with seed spaced 15 inches apart would effect a reduction 
of 44.5 per cent in seed required, and with 18-inch seed spacing the 
reduction would amount to about 54 per cent of the original seed require- 
ment at the closer planting distances. In evaluating the effectiveness 
of different potato planting distances, therefore, proper consideration 
should be given to these seed-use differentials. This can be accomplished 
by calculating the net returns per acre “beyond” the cost of seed in each 
case. 


EFrect ON Si1zE oF PRIME TUBER 


The effects of the three main factors, seed spacing, row spacing, 
and fertilizer rate, on the average weight of prime potatoes produced 
are presented in table 3. It will be noted that the variance for each of 
the three main factors was highly significant every year except that for 
fertilizer rates in 1946. The average weight of prime tubers from rows 
spaced 36 inches apart was 10.9 grams heavier in 1944 than that from 
30-inch rows, and in 1946 this increase amounted to 18.9 grams. In 
both years the increases were highly significant. A similar effect on 
size of tuber was obtained when the seed spacing distance was widened. 
Increasing the seed spacing from 10 to 15 inches produced a highly sig- 
nificant increase in the average size of tuber both in 1944 and 1946. How- 
ever, further increasing the seed spacing from 15 to 18 inches produced 
smaller increases in weight of prime tubers statistically significant only 
in 1946. The variance from the interaction of the two factors (seed 
spacing x row spacing) was not significant either year, indicating there- 
fore that they were acting independently in their effects on size of tuber. 


The average weight of prime potatoes was also affected by varying 
the fertilizer rate from 1,500 to 2,500 pounds per acre, but this effect 
was not quite so pronounced as that obtained by varying the row or 
seed-spacing distances. This is in agreement with the results of Chucka 
et al. (1) who found the effect of seed spacing much more pronounced 
than that of fertilizer rate on the number and weight of U. S. No. 1 
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TABLE 3.—Effect of row spacing, seed spacing, and fertilizer rate on 
the average weight of prime tubers produced. 


Average Weight of Prime Tubers Produced 
Treatment 1944 


Grams 


Row spacing: 
30-inch 146.3 
36-inch 157.2 


7-5 
10.8 


Seed spacing: +* 
10-inch 137.9 
15-inch 156.0 
18-inch 161.3 


L.S.D. 7.3 
98 

Fertilizer rates: 
1,500 pounds 141.8 
2,000 pounds 152.1 
2,500 pounds 161.2 


L.S.D. 05 9.2 
14.0 


1Variance for factor indicated: —, not significant; *, exceeded .05 point; **, 
exceeded .01 point. 


potatoes produced in Maine. The variance from fertilizer rates, it will 
be noted, was significant only in 1944. In that year the 2,000-pound 
fertilizer rate increased the average weight of prime tubers 10.3 grams 
over the 1,500-pound rate, and an additional increase of 9.1 grams was 
obtained with the 2,500-pound rate. Similar increases were obtained 
in 1946 for 2,000 pounds of fertilizer; but the 2,500-pound rate pro- 
duced a marked reduction in size of tuber, which undoubtedly helps 
to account for the reduction in yield for this particular fertilizer rate in 
table 1, column 6. Apparently the size of tuber and the yield were 
affected similarly in this case. 


INTERACTIONS 


The interaction seed spacing x fertilizer rate was the only one that 
attained significance in 1944. This interaction, however, was not sig- 
nificant in 1946; that year row spacing x fertilizer rate was the only 
interaction with variance exceeding the 5-per cent level of significance. 
The data pertaining to these two interactions are given in tables 4 and 5. 
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TABLE 4.—Effect of interaction seed spacing x fertilizer rate on average 
weight of prime tubers in 1944.1 


Seed Spacing and Average Weight 
Fertilizer Rate of Prime Tubers 
10-inch | 15-inch | 18-inch k 
Grams Grams Grams 
1,500 pounds 129.0 155.3 141.2 “4 
2,000 pounds 135.2 154.8 166.3 
2,500 pounds 149.5 | 157.7 176.3 rr 
L. S. D. .05—12.7 grams 


1Variance of interaction exceeded .o1 point. 


TABLE 5.—Effect of interaction row spacing x fertilizer rate on average 
weight of prime tubers in 1946.* 


Fertilizer Rate (pounds per acre) and Average “4 
Row Spacing 7 Weight of Prime Tubers re 
1,500 Pounds | 2.000 Pounds | 2,500 Pounds : 
30-inch Grams Grams Grams 
36-inch 103.5 110.8 112.6 
125.5 138.2 120.0 > 
L. S. D. .0S— 9.3 grams J 
grams 


1Variance of interaction exceeded .05 point. 


It is clear from the results in table 4 that the wider seed spacing gener- 
ally increased the average weight of tuber but there is also an indication ‘ 
that this effect was more pronounced at the two higher fertilizer rates. 
In the case of the 1,500-pound fertilizer rate the average tuber weight 
with 18-inch spaced seed was actually lower than that obtained with 15- + 
inch spacing. Apparently the 18-inch spacing was too wide to enable * 
the crop to make the best utilization of fertilizer at the lowest rate. For 
each additional 500-pound application of fertilizer above the 1,500-pound t 
rate, the average weight of prime tubers was increased appreciably with 
10-inch and 18-inch seed spacings. However, this effect of fertilizer, 
for some non-apparent reason, was not obtained with the 15-inch seed 
spacing. 

The influence of the interaction row spacing x fertilizer rate on the 
average weight of tubers presented in table 5 may be ascribed to the 
effect of 30-inch rows in consistently producing smaller tubers than those 
from the 36-inch rows, but to an extent which was more pronounced 
at the two lower fertilizer rates. These interaction results in tables 4 
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and 5 lead to the conclusion that the effects of the seed and row spacings 
for the years indicated were not independent of the changes in fertilizer 
rates. 


DISCUSSION 


It is recognized, of course, that the adoption of certain cultural 
practices such as those calling for wider row or seed spacings, which 
have a tendency to increase the size of tuber, may have the undesirable 
effect of unduly increasing tuber size with certain varieties under some 
growing conditions. However, under the experimental conditions pre- 
vailing in 1944 and 1946 this did not take place since the average weight 
of prime tubers ranged from 104 to 176 grams (3.7 to 6.2 ounces). 
These figures may be compared with 61 grams (2.1 ounces), which was 
found by the writer (3) to be the minimum weight of a prime-sized 
potato (Irish Cobbler). As far as the present experiments are con- 
cerned the width of rows and the spacing distance of seed have been 
shown to act independently on the individual weights of primes so that 
both factors should be considered of equal importance in their influence 
on the size of potatoes produced. 

That the best yields of potatoes were not dependent upon any one 
of the specific combinations of fertilizer rate and seed spacing studied is 
indicated by the fact that the interaction seed spacing x fertilizer rate 
was not significant for any of the three experimental years. From the 
standpoint of yield and of net returns, however, the 15-inch seed spacing 
and the 2,000-pound fertilizer rate combination was the most outstand- 
ing. Also, from the same standpoint the 36-inch row spacing was some- 
what superior to the 30-inch spacing, but further statistical evidence 
would be required to establish this result conclusively. 


Because of the variability in the results that occurred from year to 
year, consideration was given to the possibility of obtaining a better 
estimate of residual error through pooling the yields for the 3 years. 
This procedure was rejected, however, when the error variances for 
the main effects were found to be non-homogeneous by the chi-square 
test. This result ordinarily would be expected since a 3-year period is 
usually too short to provide an adequate sample of seasonal variation 
from the standpoint of yields produced. Nevertheless, the unique features 
of the factorial experimental design permit an interesting evaluation of 
the individual yearly results as main effects and interactions. 

In actual practice, potato growers undoubtedly will want to de- 
termine the best combination of seed spacing, row spacing, and fertilizer 
rate for their own local conditions, but in doing this they should not 
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underestimate the importance of the economic considerations involved. 
The yields or gross returns obtained by arbitrarily increasing the 
amounts of potato seed or fertilizer used will ultimately reach a pro- 
duction limit for any set of growing conditions. The type of gross re- 
turns curve obtained under any specific combination of cost-price re- 
lationships of seed, fertilizer, and potatoes will in turn determine the 
point of maximum net returns “beyond” cost and will likewise set the 
pattern for the operation of the law of diminishing returns. Any potato- 
growing venture will in a large measure depend upon these important 
economic and production factors for its financial success. 


SUMMARY 


Field experiments were conducted in 1943, 1944, and 1946 at 
Onley, Virginia, to study three factors in potato production: row spac- 
ing, seed spacing, and fertilizer rate. 


A factorial field design was used which made possible the evaluation 
of main effects and interactions for 30- and 36-inch row spacings, 10-, 
15-, and 18-inch seed spacings, and 1,500-, 2,000-, and 2,500-pound 
fertilizer rates. These effects were determined on yield and size (weight) 
of prime tubers. 


The results from the three variables were also evaluated on the basis 
of the net returns per acre “beyond” the cost of seed or fertilizer. 

Yields of primes were generally increased when the seed was spaced 
closer, but these increases were not always significant nor were they 
always economical from the standpoint of the cost of additional seed re- 
quired. Of the three factors studied, seed spacing was found to have the 
greatest influence on yield, acting independently of row spacing except 
in one year. 

The largest financial returns “beyond” estimated cost of seed and 
fertilizer were realized from seed spaced 15 or 18 inches in rows 36 
inches apart and from the 2,000-pound application of fertilizer. 

The average weight of prime tubers was increased when the seed 
was planted either farther apart in the rows or when the rows were 
spaced wider. These two factors were found to operate independently 
on size of tuber. The effect of varying the fertilizer rate on the size of 
tuber, however, was less pronounced than the effect from changes in the 
planting distances. Nevertheless, in 2 of the 3 years there was some 
indication from the interactions obtained that the effects of row spacing 
or of seed spacing were not independent of the amount of fertilizer 
applied. 

Attention is called to the importance of making local tests to de- 
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termine, under the prevailing growing conditions, the most profitable 
planting distances for the particular potato variety used and the most 
profitable rate for the kind of fertilizer applied. 
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CHROMATES AS POTATO FUNGICIDES?? 
H. W. Tuurston, Jr.,° Pennsylvania State College, Pa. 
and 


J. G. Leacu,* West Virginia Univ., Morgantown, W. Va. 
and 


J. D. Witson,> Ohio Agricultural Exp. Sta., Wooster, Ohio 


Recent announcement® of copper zinc chromates as foliage fungi- 
cides for potatoes is of special interest since materials of this type are 
probably the only new inorganic chemical compounds te show promise 
in this field in recent years. These chromates are complex chemical en- 
tities whose solubilities are of such a nature that solubility characteristics 
may be used to control the uniformity of the product, so far as fungicidal 
action and phytotoxicity are concerned. In addition they have very defi- 
nite X-ray patterns which are used further to control the uniformity of 
the product. The chromate is a greenish-yellow free-flowing powder, 
of low water solubility. It is 100 per cent active, readily suspendible and 
presents no problems of handling or 1 use in the field. 


Field tests with numerous chromates have been conducted for a 
number of years and tests on potatoes as early as 1942 demonstrated 


1The field work on which this report is based was conducted in part with funds 
supplied by Carbide and Carbon Chemicals Corporation—through the Crop Pro- 
tection Institute. 

2Authorized for publication in the Journal Series of the Penna. Agr. Exp. Sta. 
Published also with the approval of the Director, West Va. Exp. Sta. as scientific 
paper No. 394. 

3Professor of Plant Pathology, Pennsylvania State College. 

4Professor of Plant Pathology, West Virginia University. 

5Associate Plant Pathologist, Ohio Agr. Exp. Station. 


6Phytopathology 38:27, Jan. 1948. 
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that with suitable proportions of zinc in the complex there was better 
control of tip burn than could be obtained with simple copper chromates 
or other forms of copper fungicidees. This was probably due to the con- 
trol of leaf-hoppers. Rather large quantities (six pounds per 100 gal- 
lons) were required to obtain yields equal to or better than that Bor- 
deaux (8-8-100). 

For disease control, however, the field tests showed that a dosage of 
only 2 pounds per 100 gallons of a copper zinc chromate having suit- 
able proportions of the metals (approximately 3, copper: 2, zinc: 1.2, 
chromium) could satisfactorily be used on potatoes. D.D.T., which is 
now generally accepted as a suitable insecticide for use on potatoes is 
compatible with the copper zinc chromate and is used in such proportions 
as may be necessary for insect control. 


Two years of field tests with copper zinc chromate complexes of 
this type are reported here in comparison with other, better known, 
fungicides. These tests involved several varieties of potatoes and were 
conducted in three different states and in situations where early blight 
Alternaria, or late blight, Phytophthora, or both were important fac- 
tors in affecting yields. In all tests D.D.T. was used in all plots in- 
cluding the check. 


TABLE 1.—Average yield in bus. per acre—Pennsylvania and West Vir- 
ginia—1946. 


Pennsylvania West Virginia 
Russets Cobblers 
Check 138 122 
Bordeaux 227 179 
Dithane 202 178 
Tribasic 219 227 
Copper Zinc Chromate 202 232 


TABLE 2.—Average yield in bus. per acre—Ohio—1946 


Wooster Marietta McGuffy 
Check 220 380 
Bordeaux 365 548 
Zerlate 414 540 
COcS 356 563 
Copper Zinc Chromate | 381 583 


It is of interest in 1946 that the copper zinc chromate produced 
the higher yield in two of the five trials reported (once in West Virginia 
and one in Ohio), whereas Zerlate was higher in two of the Ohio trials 
and Bordeaux in one, (on Russets in Pennsylvania). 
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TABLE 3.—Correlation between late blight ratings and control yield. 


[Vol. 25 


1946 
West Virginia 


Rating 


Yield 


Check 
Bordeaux 
Dithane 
Tribasic 


Copper Zinc Chromate 


Late blight was severe in West Virginia in 1946, and table 3 shows 
an interesting correlation between a late season rating of the plots for 
blight control and the yield obtained. 


TABLE 4.—Average yield in bus. per acre—Pennsylvania and W est Vir- 


ginia.— 1947. 
Pennsylvania West Virginia 
Russet | Katahdin | Cobbler | Sebago 
Check 243 318 312, | 320 
Bordeaux 315 363 293 | 300 
Dithane 341 377 265 326 
Parzate 339 374 
Tribasic 328 382 207 242 
Copper Zinc Chromate 320 390 324 307 


TABLE 5.—Average yield in bus. per acre—Ohio—1947. 


Wooster Marietta McGuffy _ 

Check 354 365 644 
Bordeaux 455 491 815 
Dithane 473 540 854 
Parzate 453 502 826 
Tribasic 494 496 789 
Par. Alt. Zer. 550 566 844 
Copper Zinc Chromate 518 586 


and Zerlate took the top yielding position once. 


In the thirteen trials reported above one of the worst outbreaks of 
early blight was that which occurred at Marietta, Ohio, in 1947. 


Table 6 gives some indication of the relationship between success- 


ful control of early blight and yield. 


Many new fungicides have appeared in recent years, especially or- 
ganic fungicides of the dithio carbamate group. The widespread accept- 


In 1947, similar tests in the same areas showed copper zine chro- 
mate to have produced the highest yields in three trials out of seven. 
Dithane also rated 3 top places and an alternating schedule of Parzate 
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TaBLe 6.—Correlation between early blight control and yield. 


1947, Marietta, Ohio 
Per cent Alive Yield . 
Check 30 365 
Bordeaux 55 491 : 
Dithane 57 540 
Copper Zinc Chromate 586 


ance of D.D.T. and its use on potatoes would seem to have brought back 
into competition several materials which previous to D.D.T. had merely 
been “also rans.” The potato grower today is often confused at the 
multiplicity of materials offered him. Copper zinc chromate adds to the 
list, and it is not to the confusion. Such data as have been obtained 
would indicate this material to be the most promising new inorganic 
potato fungicide introduced in recent years. * 


EUROPEAN METHODS FOR THE UTILIZATION OF 
POTATO STARCH FACTORY WASTES 


Roperick K. Eskew! 
Eastern Regional Research Laboratory”, Philadelphia 18, Pa. 


INTRODUCTION 


In the course of a survey made in the summer of 1947 to determine 
European practices for the industrial utilization of white potatoes, some 
information was obtained on methods of utilizing the waste pulp and . 
protein water from white potato starch factories. ' 
Although no experiments have been made at this laboratory to 
determine the feasibility of the methods mentioned here, the information 
is nevertheless presented at this time because of current surpluses of 
white potatoes and the fact that the problem of waste disposal has already ‘ 
become serious in Maine potato starch-producing areas. It is hoped that 
the ideas presented may serve as a basis for study of this problem. They 
will be given consideration in the work at this Laboratory. 


NATURE OF WASTES 


The fluid wastes from a potato starch factory consist of a large 
amount of water containing dissolved proteins and sugars and small 


"Head, Chemical Engineering and Development Division. 
2One of the Laboratories of the Bureau of Agriculture and Industrial, Chemistry, 
Agricultural Research Administration, United States Department of Agriculture. 
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amounts of suspended starch and fiber. In Europe the potatoes used for 
starch manufacture contain, on the wet basis, about 18-4 per cent starch 
and from 2 to 2.5 per cent protein. About 0.13 pound of protein per 
pound of starch produced is lost in the watery wastes of a starch plant. 
This protein is in such low concentration in the combined effluents from 
a starch plant that its recovery would be quite out of the question. 


It would have to be recovered at the steps in the process where it is 
most concentrated, for example, in the effluent from the protein water 


separator. 

The potato pulp, with a moisture content of approximately 96 per 
cent is separated during the screening operations. The pulp can be 
diverted from the screens, and pressed and dried to make a feed sup- 
plement by the methods described here. 


RECOVERY AND UTILIZATION OF WASTES 


What is perhaps the cheapest way to eliminate stream contamina- 
tion and at the same time utilize part of the fluid factory wastes is to spray 
them on the fields after the potatoes have been harvested. Obviously this 
procedure would not be practical in hilly country. However, it is used 
with considerable success in Holland. 


A 6-inch header is run from the factory into a field, and the effluents 
are pumped into this header at a pressure of 250 pounds per square inch. 
The header is provided with plugs so that branch headers with six outlets 
each can be attached successively at different points. These outlets are 
hose nozzles set at about 45° and arranged to rotate or oscillate. The 
effluent is sprayed on the area until the water on the ground is about 1 
inch deep, and is then discharged on another area. For example, if three 
nozzles, each covering an area of 3,600 square meters, spray a total of 
70 cubic meters of effluent in one hour, the total depth on 10,000 square 
meters (1 hectare) would be about 0.7 centimeter. Such an arrange- 
ment would thus have to be shifted about once every three hours to cover 
the ground to a depth of one inch. This does not allow for any absorp- 
tion by the soil. Hence, the interval would actually be in excess of three 
hours. Likewise, a heater with six nozzles handling the same amount of 
effluent (70 cubic meters per hour) and covering double the area, would 
have to be shifted about once every six hours. 


The spraying is done after the harvest, and the following spring, 
potatoes are planted on the sprayed field. Attempts to flood the fields 
without using spray has resulted in unequal distribution of the fertiliz- 
ing elements and is not considered practicable. After the water has filtered 
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through about 2 feet of soil it is pure enough not to cause serious contam- 
ination of the canals. 


PROTEIN RECOVERY 


Protein is not generally recovered in France or Holland. In Ger- 
many, however, where attempts were made to achieve a self-sufficient 
economy, this problem has been extensively studied. 


The European practice, especially in Germany, is to remove the pro- 
tein water from the freshly ground potatoes by diluting the slurry and 
passing it through either a Jahn or Uhland continuous centrifugal prior 
to removal of the pulp by screening. In the United States this is some- 
times done, but more frequently removal of the pulp precedes removal of 
protein water. In either case, the effluent coming from the protein water, 
centrifugal separator generally contains about I per cent dissolved solids, 
about one-half of which is protein. The potato itself contains from 2.2 to 
2.5 per cent protein. The low protein concentration in the centrifugal 
effluent results from diluting the ground potato with from 4 to 5 times its 
weight of water, which is necessary to achieve good protein removal. The 
various methods of protein recovery described here apply to these cen- 
trifugal effluents. It has been reported, however, that the Jahn Company 
has developed an improved centrifugal which would remove protein 
effectively without such high dilution of the slurry. Effluents with a pro- 
tein content of approximately 2.8 per cent have been reported, but this 
seems questionable, as it would indicate the use of much less than an 
equal volume of dilution water per volume of ground potato. 

One method reported to have been used on a commercial scale is to 
evaporate the protein water under vacuum at 45°C. to a concentration of 
about 48 per cent solids, that is, 35° Baumé. Forced circulation, single- 
effect evaporators are used. The liquid concentrate becomes extremely 
thick when cold. It is therefore discharged hot from the evaporator and 
mixed with dewatered potato pulp and then dried for feed. Biuittner 
scraper-type dryers of the design employed for drying starch handle this 
product satisfactorily. 


A procedure for recovering part of the protein to produce a product 
suitable for the enrichment of soups consists in carrying the vacuum evap- 
oration only to between 15 and 18° Baumé. The concentrate is then 
removed from the evaporator and heated to 80°C. for approximately one 
hour. This causes the higher molecular weight proteins to precipitate. 
This precipitate is reported to be easily filterable in an ordinary plate 
and frame filter press. The dried product contains 75-80 per cent protein. 
About half the protein in the concentrate from the evaporator remains 
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in solution. The filtrate is therefore returned to the evaporator 
and mixed with incoming protein water. 

Other experimenters found that the precipitate obtained by this 
procedure was difficult to filter and had to be recovered with a solid bowl 
centrifugal. In this case the product was mixed with pressed pulp and 
dried for feed. The feed had the following analysis on a moisture-free 
basis : 20 per cent protein, 45 per cent starch, and 35 per cent fiber. 

Methods based on precipitation of the protein recover only approx- 
imately 50 per cent of it. A method which recovers all of it consists in 
evaporating the protein water under vacuum at a temperature of less than 
45°C. in order to avoid precipitation and carrying the evaporation to 
nearly 65 per cent solids. It is then spray-dried. The product is a dark- 
brown powder with a salty, agreeable flavor and has been reported to 
contain about 45 per cent protein. It has found some use in soups. 

It is questionable whether any of these methods would prove profit- 
able as a source of protein, but one or more of them might be justified 
on the basis of reducing stream contamination. 


Putp RECOVERY 


In small potato starch factories the wet pulp is frequently accum- 
ulated in pits, from which it is hauled to local farms for hog feed. In the 
larger plants in Germany, Holland and France, however, the pulp is 
dewatered (with or without liming), usually in roller presses of the 
Biittner type, and is then dried. Drying can be done in steam tube dry- 
ers; in Biittner scraper-type dryers of the type used for starch; in direct 
heat, parallel-flow, high-temperature dryers; and in blast-type flash dry- 
ers. From 2 to 6 per cent of the original weight of the potato is ob- 
tained as pulp. The product usually contains about 6 per cent protein 
and 40 per cent starch on a moisture-free basis. It is used for cattle feed 
either by itself or mixed with recovered protein. 

There seems little question but that pressing and drying pulp would 
be a desirable operation in our starch plants. The process is simple, and 
the value of the product as a feed should exceed the cost of preparing 
it. Information on processing potato pulp for feed may be found in 
AIC-204, “Recovery and Utilization of Pulp from White Potato Starch 
Factories.” This was recently published by the Bureau of Agricul- 
tural and Industrial Chemistry and may be obtained from the Eastern 
Regional Research Laboratory, Philadelphia 18, Pennsylvania. 
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OFF-FLAVOR OF POTATO TUBERS PRODUCED BY 
BENZENE HEXACHLORIDE USED FOR WIREWORM 
CONTROL 


D. O. WoLFENRARGER' 
AND 
PuHares DecKER? 
Florida Agricultural Experiment Station, Gainsville, Fla. 


W. A. 
Cornell University, Agricultural Experiment Station, Ithaca, N. Y. 


In testing benzene hexachloride for insect control the problem of 
taste contamination of food products has arisen. Benzene hexachloride 
may be used for control of some insects without regard to any taste 
contamination but taste must be considered in its use for control of 
wireworms on potatoes. This material has been reported promising or as 
very effective in wireworm control on potatoes by Greenwood (1947), 
Pepper, et al (1947), and Wolfenbarger (1948). Each of these writers 
has mentioned the off-flavor of tubers from benzene hexachloride treat- 
ments. They admited some off-flavor but indicated that most people 
did not detect flavor impairment when small amounts of the insecticide 
were used. A consideration of different amounts of benzene hexachloride 
applied per acre as related to the off-flavor tasted by different people is 
presented here. 


The constituent of benzene hexachloride causing the off-flavor is as 
yet not fully understood. It is suspected of being one of the isomers, 
alpha, beta, or delta. The gamma-isomer is the most effective insecticidal 
constituent of crude benzene hexachloride. Refined materials, having 
high gamma-isomer content and an absence or reduced content of the 
other isomers have been prepared, which it was hoped might eliminate 
the off-flavor. Some degree of success may have been attained with the 
refined “high gamma content” benzene hexachloride but further tests are 
in progress to determine any improvement. 


Some people seem to taste the benzene hexachloride contaminant 
in much more minute quantities than others. This has been termed 
“threshold,” or “minimum stimuli” by Moncrieff (1946), and is an ex- 
pected occurrence. Part of the taste detection comes from previous 
experience in handling or testing the material. Some who never experi- 
enced the odor of benzene hexachloride have simply detected an objec- 


‘Florida Agricultural Experiment Stations. 
2Cornell University Agricultural Experiment Station. 
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tionable taste in products treated with it. In any event, rejection of 
certain commercial lots of food products has been experienced, caused 
apparently by the off-flavor imparted to plant products by benzene 
hexachloride treatments. 

Materials and Methods—The tubers used for the tests reported 
here were taken from field experiments in which soil and potato seed 
pieces had been treated with crude, unrefined benzene hexachloride as 
reported by Wolfenbarger (1948). Several tubers were taken from 
each lot for tasting. The unpared tubers were washed and boiled in 
water, and then they were placed on tables for the tasters to sample. 
Non-professional tasters, mostly experiment station, college and uni- 
versity personnel, were used in the tests, although graduate students, 
growers, and others comprised a minor portion of the tasters. Each 
taster was asked to taste one or more tubers in each lot and to place it 
in one of the three classifications, as follows: (1) the ordinary or unim- 
paired potato flavor, (2) questionable flavor, and (3) a positive or defi- 
nite off-flavor. Three groups of people in three different locations did 
the tasting, each under the direction of one of the authors. A total of 
37 people comprised the tasters. 

Results—The placements by individuals were variable and ranged 
from reporting off-flavor for the check (non-treatments) to ordinary 
potato flavor for the sample from the highest dosage concentration, as is 
shown in table 1. Some samplers reported that most sample lots were 
in the ordinary or unimpaired potato flavor category. 


TABLE 1.—Summarization of taste test data, given in percentage. 


Treatment, TASTE CLASSIFICATION 
Lbs. Gamma-isomer | Ordinary Potato | Questionable Off-Flavor 
Used per Acre* | Group Results 


w 


Cc 
21 

0 
28 
14 
28 
36 

7 

7 
29 


B C\A 4 
93 72/33 0 
57 64 33 3611 
50 3633 36 22 
100 72/11 14, 0 
64 36 22 
86 21156 
50 21/12 
72 011 
86 | 7 0 


*The first four treatments were samples from one experiment, the lower five 
were from another. The 0.88, 1.76, 3.52 and 8.3 pounds of gamma-isomer were 
applied with the fertilizer, in bands at the sides of each row. The 3.0, and 18 
pounds-treatments were broadcast over the soil and disked in, whereas the 1.7 
pounds-treatment was a seed piece treatment, and the o pounds were check or 
untreated groups. 
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Certain tasters, however, tended to report the samples from the 
check lots as ordinary flavor, and the treatment lots as questionable, or 
off-flavor, depending somewhat on the amount of benzene hexachloride 
used. These tasters indicated some real ability to detect the off-flavor 
produced by the benzene hexachloride. 

Since the variations indicated above were obtained, it was deemed 
desirable to study the mass of data in table 1. In view of the sampling 
technique and of the method of classification the data were converted 
to percentages for each sample lot of tubers for each group. 

Simple analysis of variance determinations showed that sampling 
variations might account for the difference between treatments and 
locations where the classifications “questionable,” and “positive off- 
flavor,” were each analyzed separately. Transformation of the data to 
angles followed by an analysis of variance made no change in the con- 
clusions. After treating the data of all classifications together, by a 
more complex analysis of variance it was concluded that the classifications 
“ordinary potato flavor,” “questionable,” and “positive off-flavor” 
varied significantly among the treatments, more than could be expected 
by chance occurrence. Variations among the different locations were 
unimportant. 

A positive relationship was found in which increasingly more tasters 
reported off-flavor with increases in the amount of benzene hexachloride 
applied per acre. Trends of this relationship are observed in the data 
recorded in table 1. These trends are studied by the data from the “Off- 


Flavor” columns shown in table 1. The average for each treatment was 
determined and used for a graph, shown in figure 1. It illustrates that 


the more gamma-isomer used per acre, the more tasters reported off- 
flavor. The regression line, drawn by mathematical determinations, was 
found to have a positive significant slope. The formula for the determin- 
ation of the line is as follows: 

Expected percentage = 3.5644 (pounds gamma-isomer) + 7.2211. 

The regression line drawn for the “questionable” classification was 
nearly flat. The “ordinary flavor” line had considerable slope but in the 
opposite direction to the line illustrated in figure I. 

In the collection of these data, certain weaknesses were observed. 
The off-flavor leaves a lingering taste, hence dissipation of the flavor 
before the taster takes another sample lot is an important factor in order 
to avoid mixing flavors. Some tasters smoked between lots and some 
washed their mouths with water to clear the lingering taste. There were 
too many (9) lots to taste within the space of several minutes or the few 
hours devoted to it. Different tubers in the same lot tasted differently, 
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TASTERS REPORTING 
OFF - FLAVOR, PERCENTAGE 
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Ficure 1. Percentage of tasters reporting off-flavor of potatoes from soil treated 
with different amounts of gamma-isomer of benzone hexachloride. 


according to some tasters. The taste was not immediate to some but 
became apparent later, hence some time should elapse between exposing 
the sample to the taste buds and recording the results. These variations 
are apparently to be expected in view of the discussions given by 
Moncreiff (1946). 
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Summary :—Samples of potato tubers from experiments conducted 
for wireworm control were tasted for benzene hexachloride off-flavor. 
Tubers from soil applications, fertilizer combinations, seed pieces treated 
with benzene hexachloride, and tubers from check or untreated lots were 
used in taste tests conducted at three different places. Those who tasted 
the different samples showed wide variations in their abilities to detect 
and to determine off-flavor of the tubers. A positive relationship was 
observed, however, in which samples of potatoes from the higher dosage 
concentration treatments expressed as pounds of gamma-benzene hexa- 
chloride applied per acre were more frequently recorded as off-flavor 
than those of lower concentrations or of the checks. 
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SECTIONAL NOTES 


MAINE 


The Maine Department of Agriculture has announced that 31,958 
acres passed certification this year. The Katahdins showed a big increase, 
but the Cobblers decreased from approximately 10 thousand to 6 thous- 
and acres. Altogether 15 varieties were certified in 1948. 


A State Potato Committee was recently elected to administer the 
Marketing Agreement. W. L. Berce of Washburn, T. E. Houghton of 
Caribou, Norman Guy of Fort Kent, Ralph Howard of Houlton, and 
Keith Smith of Exeter represent the growers. Harold Daigle, Fort 
Kent; S. A. Wathen, Fort Fairfield; and Millard Otto of Exeter repre- 
sented the dealers at an open meeting at which every one had an oppor- 


tunity to express one’s self on the matter of grade qualifications. Reg- 
ulations effective on the 15th of November will allow shipment of 2% to 


4-inch table stock. Only certified seed will go under previous regula- 
tions. The Committee has selected Herbert W. Moore to serve as man- 
ager. Moore served as Executive Secretary of the Potato Industry Coun- 
cil and is well qualified to serve the potato committee also. 

Maine has harvested a banner crop. The yield per acre of 380 bushels 
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is the highest on record. An excellent fall season resulted in the crop 


being dug in fine shape. The snow storm and the cold weather which were 
experienced about the 16th of October, found more than go per cent of 


the potatoes harvested. Most of the crop harvested after that date was 
placed in cars and shipped under the Support Program, so any stock 
which might later have caused trouble has been pretty well disposed of. 
The crop in storage, therefore, is quality crop. Maine has shipped, as of 
the 4th of November 6,346 cars, of these the Government has purchased 
approximately 5,400 cars but these have been loaded so heavily that it 
is equivalent to approximately 8,200 cars of potatoes. 


Some discussions regarding potato allotment and price support have 
occurred in Maine, but there has been no concerted move to discuss this 
problem as an industry program. 

A survey of Maine growers shows that the Blue Tag Certified Seed 
Campaign conducted last winter was very successful. A scientific sample 
of Aroostook growers shows that 85 per cent of the potato acreage was 
planted with certified seed and another 9 per cent with seed produced in 
the farmer’s own seed plot. This leaves only about 6 per cent of our 
1948 acreage being planted with common table stock potatoes. These 
figures indicate that more than 15 to 20 per cent of Maine’s acreage was 
planted with high quality seed than has ever been used in the past. 


New YorkK 


Marketing Agreements are receiving a lot of attention. After a joint 
meeting of the Long Island and New Jersey delegates, a meeting was 
held in Riverhead this week to explore further the possibilities of start- 
ing a Marketing Agreement at once for effective use next fall. 

In up-state New York Marketing Agreements have been considered 
for two years with no definite action. Recently the directors of the New 
York Cooperative Seed Potato Association which handles more table 
stock than any other similar organization in the state, went on record 
as approving the principle of Marketing Agreements and will submit the 
Marketing Agreement program at our Annual Meeting in December. If 
the members approve they will assume leadership in sounding out the 
rest of the up-state growers. 

Up-state growers are keenly interested in improving the quality of 
potatoes going to market and are quite disappointed in having such a 
large percentage of our crop going into various processing operations. 
This attitude is a strong factor for promoting Marketing Agreements. 

At the Annual Seed School being held at Ithaca from the 22nd-23rd 
of November the Future of the Certified Potato Industry will be one of 
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the subjects discussed by growers, distributors and users. Growers of 
Certified Seed are somewhat discouraged at the narrow margin over 
table stock prices for seed produced from foundation stock under one of 
the most rigid inspections and standards in the country. Buyers and 
users seem reluctant to pay more for quality certified seed than for any- 
thing that is eligible to carry a tag. Some interesting angles will 
be brought out in this discussion. 


The crop was one of the largest in the history of the state but is 
moving to market and to Commodity Credit Corporation outlets in good 
volume. The surplus will have been moved before freezing weather. — 
H. J. Evans. 

OREGON 


To date, 860 acres of Russets have met certification or foundation 
requirements and 550 acres of White Rose, with a total of 1410 in Kla- 
math County. This is considerably in excess of the acreage approved last 
year and speaks well for the past two years for the program of seed im- 
provement carried on cooperatively by the Klamath Potato Growers’ 
Association, Klamath County, and the Oregon Extension Service and 
Experiment Station. As a result, yields are much better and the general 
quality of pack is greatly improved. 

Potato digging was more than 80 per cent completed on the 2oth of 


October. Shipments have been light and the interest in certified seed to 
date has not been too strongly marked. — C. A. HENDERSON. 


PENNSYLVANIA 

In 1948 Pennsylvania harvested not only its highest yield per acre 
but also crops of the highest quality in its history. Many growers are 
recording yields well above 750 bushels per acre. Katahdin still remains 
the standard variety in the state although some of the new blight-immune 
varieties looked especially fine. Essex yielded high even under dry con- 
ditions and although the tubers were not so smooth as Katahdins they 
presented a good appearance. Kennebec came in second to Essex in both 
respects ; i.e., in yield and appearance. Teton has made a good showing 
since ring rot seemed more common than ever before—O. D. Burke. 


SoutH DAKOTA 


The best potato crop in a number of years has now been harvested 
in South Dakota and to date nearly 800 cars and 190 trucks have been 
shipped. All warehouses are filled and this includes at least 10 new 
storage houses that were constructed this season. Last year the total 
shipments from South Dakota were under 1000 cars. The Government 
has purchased 375 cars with the bulk of these being Number 2 grade 
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which will be used for alcohol. Some shipments have also been made to 
Wisconsin for livestock feed. 


The Marketing Agreement which prohibits the shipping of potatoes 
grading less than U. S. Commercial, went into effect on the 15th of Sep- 
tember and it was necessary to get a restraining order against one grower 
who was not eligible for price support and who insisted on marketing 
field run potatoes after being warned that this violated the Marketing 
Agreement. 


The Government crop report as of the 1st of October estimated the 
South Dakota potato crop at 2,160,000 bushels harvested from 22,000 
acres. It is estimated that 12,000 acres of potatoes were harvested in the 
Watertown, Clark and Garden City areas with a yield of almost 2,000,000 
bushels. 


The potato acreage in South Dakota has been decreasing because of 
the Government programs and the shifting of acreage to larger growers 
who can afford to maintain modern equipment. Many small growers 
with an acreage of 4 to 15 have gone out of the business since it is not 
economical to buy up-to-date machinery for small acreages. 

Hollow Heart has been found in Irish Cobblers, Pontiacs and La- 
Salle potatoes. This will not affect them for seed but it is hard for 
growers to make the Federal grades because in many cases the damage 
will exceed 5 per cent. 

Of the 7,000 acres entered for certification this year 6,407 passed 
field inspection. This consisted of 3,907 acres of Bliss Triumphs; 1,499 
of Irish Cobblers ; 698 of Pontiacs; 175 Red Warbas; and the balance 
were Early Ohios, White Rose, Russet Burbank, LaSalle and White 
Warbas. — Joun Noonan. 


WASHINGTON 


There is a plentiful supply of good certified seed potatoes in the 
state. The tests of these potatoes are now being planted in California and 
early in January we should know how they are turning out. On the 
basis of the amount of virus diseases in the field, the tests should be quite 
satisfactory. 


Aside from virus diseases, two fields of potatoes were rejected for the 
presence of ring rot. One of these was the White Rose variety and an- 
other the Netted Gem. Nearly all the Washington potatoes have been 
harvested. The farmers did not get so high a yield in quite a few fields 
as last year but still did quite well. Very little has been said so far about 
reducing acreage or maintaining of support prices, but those who have 
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expressed an opinion seem to feel that they should like the support price 
to continue and hope that they will be able to have enough acreage to 
make potato-growing a profitable enterprise. 


The State of Washington is unfortunate in losing the services of 
Harold Shaad who is leaving to become a farmer. His long service with 
the State Department and his successful work in certifying seed makes 
his replacement a difficult task. — M. R. Harris. 


PROVINCE OF OTTAWA 


The potato crop in Canada is practically harvested. In most areas 
the yields have been exceptionally good and the quality is high. 


The damage from late blight has been much lower than was antici- 
pated earlier in the season. Althcugh the total acreage passed in 1948 is 
higher than in 1947, the total yield for all Canada is estimated at approxi- 
mately the same as last year, which was 11,474,000 bushels. The average 
yield of graded stock in 1947 was 219 bushels per acre, whereas in 1948 
it was 207 bushels. 


The foremost popular varieties continue to be Katahdin, Irish Cob- 
bler, Green Mountain and Sebago — in that order — with, of course, 
Netted Gem and White Rose being the predominant varieties on the west 
coast. The production of Chippewa is largely confined to northern On- 
tario, and Sequoia to Prince Edward Island.—J. W. ScANNELL. 


SPRAYING or DUSTING 


USE 
“OHIO SUPERSPRAY” HYDRATED LIME 


with a guaranteed fineness of 99%% passing a screen having 
105625 openings per square inch. It contains magnesium and 
calcium. Insures greater coverage and yields. 


OHIO HYDRATE & SUPPLY COMPANY 


WOODVILLE, OHIO 


Manufacturers of Various Forms of Lime 
and Limestone Products 


25 
to 
eS 
er 
10 
e 
of 
ot 
d 
9 
e 
5 


422 


THE AMERICAN POTATO JOURNAL [Vol. 25 


PROGRAM OF THE ANNUAL MEETING OF THE 


President, E. L. Newpicx, Department of Agriculture, Augusta, Maine 


POTATO ASSOCIATION OF AMERICA 


December 6, 7, 8, 1948 
Hotel Fort Pitt 
Pittsburgh, Pennsylvania 


Monday Morning, December 6, Hotel Fort Pitt, Assembly Room, 9:30 A. M. 


Society Session. 


I. 


Monday Afternoon, December 6, Hotel Fort Pitt, Assembly Room 1:30 P. M. 
Society Session. 


JOHN C. CAMPBELL, Presiding 


Control of Weeds in Potatoes by Pre-emergence Sprays (15 min.) ORA 
SMITH, M. W. MEADOWS and E. R. MARSHALL, Cornell Uni- 
versity, Ithaca, N. Y. 

Revolutionary Changes in Potato Production as a Result of Chemical 
Weed Control (15 min.) ORA SMITH, E. R. MARSHALL and M. W. 
MEADOWS, Cornell University, Ithaca, | 

Effect of Vine Killers and Environmental Factors on Vascular Discolora- 
tion in Potatoes (15 min.) M. W. MEADOWS and ORA SMITH, Cor- 
nell University, Ithaca, N. Y. 

The Effect of Incorporating 2, 4-D in the Regular Spray on the Yield of 
White Potatoes (15 min.) N. E. ELLIS, Purdue University, Lafayette, 
Ind. 

Potato Vine Killing in Prince Edward Island (15 min.) L. C. CALL- 
BECK, Department of Agriculture, Charlottstown, P. E. I., Canada. 
Chemical Weed Control Results in 1948 (15 min.) J. STANLEY COBB, 
Pennsylvania State College, State College, Pa. 

Sprout Inhibition of Non-dormant Chippewa Potatoes (15 min.) R. H. 
BRADLEY and LESLIE L. DEAN, Purdue University, Lafayette, Ind. 


Effect of Type of Container on the Shrinkage of Stored Potatoes (10 
min. lantern). E. V. HARDENBURG, Cornell University, Ithaca, N. Y. 


ORA SMITH, Presiding 


Utilization of Potatoes. Production of Useful Fermentation Products 
(15 Min.) R. H. TREADWAY and T. C. CORDON, Eastern Regional 
Research Laboratory, U. S .D. A., Philadelphia, Pa. 

Conversion of Potatoes to a Stable Form (30 min. lantern). R. K. 
ESKEW, Eastern Regional Research Laboratory, U. S. D. A., Phila- 
delphia, Pa. 

Progress in Potato Utilization (20 min.) R. H. TREADWAY, Eastern 
Regional Research Laboratory, U. S. D. A., Philadelphia, Pa. 

General Discussion — Potato Utilization (15 min.) 


Unusual Variegations in the Sebago Potato 

1. Somatic Mutations (15 min.) W. W. WEBER and G. H. RIEMAN, 
University of Wisconsin, Madison, Wis. 

2. Pathological Aspects (15 min.) R. W. HOUGAS and G. H. RIE- 

MAN, University of Wisconsin, Madison, Wis. 
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. Discussion 15 min. 


Tuesday Morning, December 7, Hotel Fort Pitt, Assembly Room 9:00 A. M. 
Society Session-Business Meeting. 


10:30 A 
HASTINGS. 
Tuesday Afternoon, December 7, Hotel Fort Pitt, Assembly Room 1:30 P. M. 


Society Session. 


I. 


Wednesday Morning, December 8, Hotel Fort Pitt, Assembly Room, 9:00 
A. M.—Society Session. 


I. 
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. Results of Two Year Tests with Potato Varieties (15 min.) W. R. 


MILLS and O. D. BURKE, Pennsylvania State College, State College, Pa. 


A New Red Variety of Potatoes Developed in Nebraska (15 min.) H. O. 
WERNER, University of Nebraska, Lincoln, Nebr. 


E. L. NEWDICK, Presiding 
. M. Open Forum—Certification Problems. Discussion led by R. C. 


HAROLD MATTSON, Presiding 


Response of Potatoes to Rates and Placement of Nitrogen in Connecticut, 

ro48 (15 min.) ARTHUR HAWKINS, University of Connecticut, Storrs, 
conn. 

The Influence of Irrigation on the Nitrogen, Phosphorus and Potash Re- 

quirements of Several Potato Varieties (30 min., lantern), WALTER C. 

JACOB, Long Island Vegetable Research Farm, Cornell University, 

Riverhead, N. Y. 

Some Effects of Restricting the Oxygen Supply of Potato Roots (15 min., 

lantern), JOHN BUSHNELL, Ohio Agricultural Experiment Station, 

Wooster, Ohio. 

Report on Fertilizer and Cultural Investigations in 1948 (10 min.) ORA 

SMITH, Cornell University, Ithaca, N. Y. 

General Discussion— Potato Culture (10 min.). 

The Comparative Efficiency of Tuber Indexing and Tuber-unit Planting 

in the Elimination of Virus Diseases from Seed Potatoes (15 min.) H. N. 

RACICOT, Department of Agriculture, Ottawa, Ontario, Canada. 

Some Observations on the Bunch-top (Purple-top) Disease in Canada (20 

min. lantern), D. J. MACLEOD, Department of Agriculture, Frederick- 

ton, New Brunswick, Canada. 

Report on Virus Disease Investigations (15 min.) R. H. LARSON, Uni- 

versity of Wisconsin, Madison, Wis. 


W. D. KIMBROUGH, Presiding 


Experiences with Aerial Application of Insecticides and Fungicides. (30 
min. moving picture), JOSEPH P. MCKENNA, Vahlsing Insecticide and 
Chemical Corporation, Robbinsville, N. J. 

Potato Blight Investigations (15 min. lantern), W. R. MILLS, Pennsyl- 
vania State College, State College, Pa., and L. C. PETERSON, Cornell 
University, Ithaca, N. Y. 

Spraying Potatoes for the Control of Diseases and Insects in Maine (15 
min.) REINER BONDE, Maine Agricultural Experiment Station, Orono, 
Maine. 
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The Effects of Zinc-containing Sprays and Dusts on Potatoes (15 min., 
lantern) WILLIAM C. HOYMAN, North Dakota Agricultural Experi- 
ment Station and State Seed Department, Fargo, N. D. 


. Results of Insecticidal Applications to Potatoes in North Dakota During 
1948 (15 min.) R. L. POST, WAYNE J. COLBERG and J. ALEX 
MUNRO, North Dakota Agricultural Experiment Station and State 
Seed Department, Fargo, N. D. 


. Results of Spraying and Dusting Potatoes for Late Blight (15 min.) L. C. 
CALLBECK, Department of Agriculture, Charlottetown, Prince Edward 
Island, Canada. 


. Field Tests of Fungicide-Insecticide Combinations in Michigan for 1948. 
(15 min.) J. H. MUNCIE and W. F. MOROFSKY, Michigan State 
College, East Lansing, Mich. 


. A Summary of Recent Investigations on Wireworm Control with Organic 
Insecticides in New Jersey (15 min.) BAILEY B. PEPPER, J. P. REED, 
and JOHN C. CAMPBELL, Rutgers University, New Brunswick, N. J. 


Results of the National Cooperative Potato Spray Fungicide Experiment 
in 1948 (20 min.) W. F. BUCHHOLTZ, Iowa State Coliege, Ames, Iowa. 


. Insect Investigations in 1948 (15 min.) A. A. GRANOVSKY, University 
of Minnesota, St. Paul, Minn. 


Wednesday Afternoon, December 8, Hotel William Penn, Monongahela Room, 
Joint Session with The American Phytopathological Society. 


W. R. MILLS, Presiding 


. Transmission of Purple-Top of Potatoes. (15 min., lantern) R. L. SELF 
and H. M. DARLING, University of Wisconsin, Madison, Wis. 

. Reaction of Potato Varieties to the Virulent Ringspot Virus. (15 min., 
lantern) R. C. LADEBURG and R. H. LARSON, University of Wis- 
consin, Madison, Wis. 

. Isolation of Virulent Ringspot Virus from “Healthy” Potatoes. (15 min., 
lantern) R. H. LARSON and R. C. LADEBURG, University of Wis- 
consin, Madison, Wis. 

The Effect of Various Diluents on the Infectivity of the Potato X Virus. 
(15 min., lantern) R. E. WILKINSON and A. FRANK ROSS, Cornell 
University, Ithaca, N. Y. 

. Potato Virus Disease Research in Mexico. (15 min.) JOHN S. NIEDER- 
HAUSER Rockefeller Foundation, Mexico D. F., Mexico. 

. Effect of the Leaf Roll and X Viruses on Stand and Yield of Potatoes. (10 
min., lantern) R. E. WILKINSON and F. M. BLODGETT, Cornell 
University, Ithaca, N. Y. 

. Some Specific Characters of Erwinia atrospetica (van Hall) Jennison and 
Erwinia carotovora (Jones) Holland. (15 min.) WILSON L. SMITH, 
JR., Cornell University, Ithaca, N. Y. 

. Location of Bacteria in Healthy Potato Tissue. (10 min., lantern) J. P. 
HOLLIS, University of Nebraska, Lincoln, Nebr. 

. Factors Affecting Lesion Formation on Physalis floridana. (15 min. 
lantern) A. FRANK ROSS, Cornell University, Ithaca, N. Y. 

. Reaction of Hybrid Potato Varieties to Infection by Fusarium eumartii. 
J. H. MUNCIE, Agricultural Experiment Station, East Lansing, Mich. 

. Aphid Transmission of Potato Virus Diseases in Storage. (10 min., 
lantern) A. A. GRANOVSKY, University of Minnesota, St. Paul, Minn. 
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STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIRCULATION, ETC., 
REQUIRED BY THE ACT OF CONGRESS OF AUGUST 24, 1912. 


Of American Potato Journal, published monthly at New Brunswick, New 
Jersey, for November 18, 1948. 


State of New Jersey 
County of Middlesex 


Before me, a Notary Public in and for the state and county aforesaid, 
personally appeared H. H. Martin, who having been duly sworn according to 
the law, deposes and says that he is the Editor of the American Potato 
Journal and that the following is, to the best of his knowledge and belief, 
a true statement of the ownership, management (and if a daily paper, the 
circulation), etc., of the aforesaid publication for the date shown in the above 
caption, required by the Act of August 24, 1912, embodied in section 411. 
Postal Laws and Regulations, printed on the reverse of this form, to-wit: 


1. That the names and addresses of the publisher, editor, managing 
editor, and business managers, are: 


Publisher—Potato Association of America, New Brunswick, New Jersey. 

Editor—W. H. Martin, New Brunswick, New Jersey. 

Business Manager—John C. Campbell, New Brunswick, New Jersey. 

2. That the owner is: (if owned by a corporation its name and address 
must be stated and also immediately thereunder the names and addresses 
of stockholders owning or holding one per cent or more of total amount of 
stock. If not owned by a corporation, the names and addresses of the in- 
dividual owners must be given. Of owned by a firm, company, or other 
unincorporated concern, its name and address, as well as those of each 
individual member, must be given). 


Potato Association of America, New Brunswick, New Jersey. 


3. That the known bondholders, mortgagees, and other security holders 
owning or holding 1 per cent or more of total amount of bonds, mortgages, 
or other securities are: (If there are none, so state). None 


4. That the two paragraphs next above, giving the names of the owners, 
stockholders and security holders, if any contain not only the list of stock- 
holders and security holders as they appear upon the books of the company, 
but also, in cases where the stockholders or security holders appear upon 
the books of the company as a trustee or in any other fiduciary relation, the 
name of the person or corporation for whom such trustee is acting is given; 
also that the said two paragraphs contain statements embracing affiant’s full 
knowledge and belief as to the circumstances and conditions under which 
stockholders and security holders who do not appear upon the books of the 
company as trustees, hold stocks and securities, in a capacity other than that 
of a bona fide owner and this affiant has no reason to believe that any other 
person, association, or corporation has any interest direct or indirect in the 
said stock, bonds, or other securities than as so stated by him. 


5. That the average number of copies of each issue of this publication 
sold or distributed through the mails or otherwise, to paid subscribers during 
the six months preceding the date shown above is—(This information is 
required from daily publications only). 


W. H. MARTIN, Editor. 


Sworn to and subscribed before me this 18th day of November, 1948. 
R. E. Long, Notary Public, Middlesex County, New Jersey. 

(My Commission Expires January 31, 1949). 

Form 3526—Ed. 1924. 
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When Potash Tells Its Story 


The final chapter of the potash story is to be found in 
checking the yield and quality of the harvest. Did your po- 
tato crop turn out the large percentage of No. 1’s you wanted? 


Potash is the most important plant food for keeping 
plants growing vigorously and manufacturing starches and 
sugars. It finishes out and shapes the tubers to meet the grad- 
ing requirements for best prices. If during the growing sea- 
son you recognized potash-starvation symptoms—an un- 
natural, dark green color, crinkling and premature dying of 
the leaves—you also have a clue to your limited yield. 


Profit by your observations and next year insure a good 
crop against potash deficiency by making certain that your 
soil and fertilizer will supply at least 200 lbs. of available 
potash (actual K:O) per acre. 


Consult your official agricultural adviser or experiment | 
station about the amounts of potash needed to grow your 
crops and how much your soil will supply. See your fertilizer 
dealer. He will show you how little extra it will cost to apply 
enough to insure high yields and quality. 
| 


Write us for additional informa- potss™ 


tion and literature on how to fer- Mor! 
tilize. 


means 
More Profit 


American Potash Institute, Inc. 


1155 Sixteenth St., N. W. Washington 6, D. C. 
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Now You Get Greater Coverage at 
Lower Cost on All Spraying Jobs 


NEW IRON AGE SPRAY 


Gives You 2-Sprayers-in-l 


orchard and grove 
operators know now, more than ever, 
why it pays to spray the Iron Age way. 
The amazing new Farquhar Iron Age 
automatic-oscillating Spray Head attach- 
ment makes all Iron Age Sprayers univer- 
ae actually gives the grower two- 
sprayers-in-one. 

Use this Iron Age machine with Spray 
Head attachment for a quick, high-speed 
drive-through job. Spray Head operates up 
and down 50 times per minute, stroke is 
adjustable 45° to 90° of travel. Powerful 
blast of air causes foliage agitation and 
insures complete penetration and coverage 
at high speed. 

Detach the Spray Head and go to work 
on your crop with guns and brooms for 
careful hand work required on many spray- 
ing jobs. Either way, you are ahead with 
Iron Age, because the famous Jron Age 
Pump delivers the constant high pressures 
needed for maximum coverage at lowest 
operating cost. It’s built to stand the gaff 


PLANT AND SPRAY THE [RON AGE WAY 


under toughest operating conditions. 
Before you buy any sprayer, find out 
how this amazing Iron Age two-in-one 
machine can give you more coverage, 
more speed and cut your costs lower than 
ever before. Find out what Iron Age 


- orchard or grove model can best fit your 


spraying requirements. Ask your Iron 
Age Dealer for complete details, or 
send for free information on Iron Age 
Sprayers to: 

A. B. FARQUHAR COMPANY, Farm Equipment 
Division, 3401-N Duke S$t., York, Pennsyivania. 


YORK, PA. 


POTATO AND VEGETABLE PLANTERS - TRANSPLANTERS 
SPRAYERS + DUSTERS + POTATO DIGGERS » WEEDERS 
CONVEYORS + JUICE PRESSES + SPECIAL MACHINERY 
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